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This paper  examines  recent  collaborative  efforts  by ﬁsheries  scientists  and  representatives  from  the
pelagic  ﬁshing  industry  in Europe  to generate  a knowledge  base  to support  management  of a  new  ﬁshery
for  boarﬁsh  (Capros  aper)  in  the Northeast  Atlantic.  The  forms  of  knowledge  used and  produced  in the
collaborations  were  investigated  by  applying  a conceptual  framework  developed  to  help  understand  the
detailed  dynamics  of knowledge  exchange  in mixed-actor  settings.  The  collaborative  initiatives  studied
were  informal  and  efﬁcient,  and  they  beneﬁted  from  ﬁnancial  support  and  co-ordination  efforts  by  the
industry actors.  Generation  of  scientiﬁc  knowledge  was  given  high  priority.  Tangible  collaborative  outputs
produced  between  2010  and  2013  included  new  scientiﬁc  insights  into  boarﬁsh  maturity  and  aging,isheries management
takeholders
ommon Fisheries Policy
oarﬁsh
anagement plans
initiation  of  an  annual  boarﬁsh-speciﬁc  acoustic  survey,  data  to underpin  a stock  assessment,  and  two
management  plan  proposals.  The  study  highlights  the information  requirements  that  apply  for  ﬁsh  stocks
managed  under  the European  Common  Fisheries  Policy  and  illustrates  that  the  ﬁshing  industry  can  ﬁll
important  roles  in  collaborative  processes  that  aim to generate  new  scientiﬁc  knowledge  to  support
ﬁsheries  management.
©  2015  The  Author.  Published  by  Elsevier  B.V.  This  is an  open  access  article  under  the  CC  BY-NC-ND. Introduction
The ﬁshing industry has during the last 20 years become increas-
ngly involved in European ﬁsheries management (Dreyer and
enn, 2011; Linke et al., 2011; Coers et al., 2012; Fitzpatrick, 2014;
inke and Bruckmeier, 2015). Representatives from the ﬁshing
ndustry hold a majority of the seats in the Advisory Councils,1 the
takeholder groups established under the Common Fisheries Pol-
cy (CFP) to provide the European Commission and European Union
EU) Member States with recommendations on issues related to
sheries management (European Council, 2004; European Union,
013). Advisory Councils, as well as individual ﬁshermen and
heir representatives, regularly participate in large-scale research
rojects of the European Union’s Research and Innovation funding
rogrammes that aim to generate knowledge to support ﬁsheries
anagement.2 Such projects exemplify arenas where different
E-mail address: kari.stange@wur.nl
1 With the reform of the Common Fisheries Policy in December 2013 the Regional
dvisory Councils (RACs) were renamed Advisory Councils.
2 Recent examples of EU-funded research project with industry participation
re GAP2 (http://gap2.eu/), MYFISH (http://www.myﬁshproject.eu/) MAREFRAME
http://www.mareframe-fp7.org/#) and EcoFishMan (http://www.ecoﬁshman.
om/). (Link last accessed 20.08.15.).
ttp://dx.doi.org/10.1016/j.ﬁshres.2015.08.023
165-7836/© 2015 The Author. Published by Elsevier B.V. This is an open access article un
.license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
forms of knowledge interact (Röckmann et al., 2012; Mackinson
et al., 2011; Jacobsen et al., 2012).
Fishermen, scientists and managers operate within different
domains and acquire their knowledge in different information envi-
ronments (Verweij et al., 2010). These differences inﬂuence the way
information is interpreted and used by the various actors. Based
on a review of knowledge exchange processes in environmental
management projects, Raymond et al. (2010) draw attention to
the importance of speciﬁcally addressing how different forms of
knowledge will be identiﬁed, engaged, evaluated and applied. Fazey
et al. (2013) call for an integrative research agenda to enhance our
understanding of knowledge exchange. There is a growing body
of literature that addresses ﬁshermen’s knowledge (see review
by Hind, 2015); however, the detailed dynamics of knowledge
generation in settings where the ﬁshing industry interacts with
science and management is less studied. Garrett et al. (2012) inves-
tigated interactive learning processes in four stakeholder forums
in the United Kingdom where ﬁshermen were engaged in dia-
logues to generate common visions and improve decision-making.
Their study highlighted the need to better understand the pro-
cesses involved, including the role of leadership, group dynamics
and knowledge transfer.
Insights from research within organisation management con-
tribute to a better understanding of the speciﬁc challenges related
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/
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o knowledge exchange in settings when there is little overlap
n knowledge between the various actors involved (Carlile, 2002,
004). This paper aims to enhance our understanding of knowl-
dge exchange processes in settings where the ﬁshing industry
ngages with science and management by applying these insights
rom organisation management. In this paper, a conceptual frame-
ork introduced by Carlile (2004) is applied in a qualitative case
tudy of collaborative efforts by Irish and Danish scientists and
shing industry representatives to build a knowledge base to sup-
ort management of a new ﬁshery for boarﬁsh (Capros aper) in
he Northeast Atlantic. The case was chosen opportunistically to
llow in-depth investigation of knowledge exchange processes in
 recent mixed-actor collaboration where one of the aims was to
roduce a long-term ﬁsheries management plan. Such plans are
sed as management instruments to achieve the objectives of the
FP (European Union, 2013; European Commission, 2014). The fol-
owing question guided the study: How was knowledge used and
roduced within and between actor groups (stakeholders, scien-
ists and managers) in the process that led up to the 2012 Pelagic
dvisory Council recommendation for a long-term management
lan for boarﬁsh in the Northeast Atlantic?
The groups of people involved are in this paper referred to as
takeholders, scientists and managers, reﬂecting terminology com-
only used in Europe for actors with an interest in the CFP. The
takeholders in this study are the ﬁshermen who catch boarﬁsh,
heir representatives in Producer Organisations (here referred to
s industry representatives), and members of the Pelagic Advisory
ouncil. The scientists are ﬁsheries biologists employed by national
arine research institutes or universities who do work related to
elagic ﬁsh stocks. The managers are civil servants in the Euro-
ean Commission’s Directorate-General for Maritime Affairs and
isheries (DG MARE) and in government ofﬁces in the EU Member
tates who are involved with implementation of the CFP. These
roups of actors contribute with different forms of knowledge.
ollowing Edelenbos et al. (2011), stakeholder knowledge can be
haracterised by its social validity, scientiﬁc knowledge by its sci-
ntiﬁc validity, and bureaucratic knowledge by its usefulness for
he policy process.
The rest of this paper is structured as follows: Section 2 intro-
uces the conceptual framework applied to analyse processes of
nowledge exchange in mixed-actor settings. Section 3 presents
he qualitative research methods used for data collection and anal-
sis. Section 4 starts with a short overview of the boarﬁsh ﬁshery.
his is followed by narrative descriptions of how scientiﬁc knowl-
dge was advanced and two management plan proposals were
roduced between 2010 and 2013. The implications of the ﬁnd-
ngs for our understanding of knowledge exchange are discussed
n Section 5, and in Sections 6 conclusions are drawn.
. Knowledge exchange in mixed-actor settings
Carlile (2004) proposed a conceptual framework for inves-
igating the dynamics of mixed-actor knowledge exchange in
rganisational management settings. An application, modiﬁed to
he context of collaborations within ﬁsheries management where
he knowledge and interests of stakeholders, scientists and man-
gers come together, was described by Stange et al. (2015) and
s brieﬂy summarised here. The conceptual framework, see Fig. 1,
raws attention to that people need to share and access each
ther’s knowledge for common understanding to develop and new
nowledge to emerge. Such knowledge-sharing processes become
ncreasingly challenging if the actors have high stakes in the issue,
nd if there is novelty involved. High stakes and high degrees of
ovelty contribute—separately or simultaneously—to complexity,
ecause the gap to be bridged between actors, who need to accessFig. 1. Framework for analysing knowledge exchange in mixed-actor settings.
Source: Stange et al. (2015), modiﬁed from Carlile (2004).
each other’s knowledge, gets wider. The gap between the actors is
here referred to as a boundary.
The framework distinguishes three knowledge exchange pro-
cesses; transfer, translation and transformation. At the low end
of the complexity scale, knowledge is transferred between actors
through the communicative process termed exchange. As stakes or
novelty increases, knowledge needs to be translated in deliberation
between the actors. When stakes are high, and novelty contributes
to the challenge of knowledge exchange, the actors’ existing knowl-
edge needs to be transformed. This requires negotiation around
perceptions and knowledge claims. By distinguishing three knowl-
edge exchange processes, the framework draws attention to the
need to mobilise resources that match the challenge at hand; more
resources are needed to enable actors to connect in complex set-
tings. Examples of resources that enable people to connect across
boundaries can be a shared vocabulary, a facilitator, funding, or
infrastructure that allows face-to-face interaction. Another exam-
ple of a resource is boundary objects. Star and Griesemer (1989)
introduced the idea that boundary objects can play a key role in
connecting different communities who  work on a common task,
and the concept of boundary objects has become widely applied
(Zeiss and Groenewegen, 2009; Wilson, 2009). In this paper, bound-
ary objects refer to collaborative products that work to establish a
shared context between different actors (Star and Griesemer, 1989;
Carlile, 2002; Clark et al., 2010). The conceptual framework is in this
study used as a lens to identify resources that allowed knowledge
exchange between collaborating actors in the process of building a
knowledge base for the new boarﬁsh ﬁshery.
3. Methods
A case study approach (Yin, 2009) was used to investigate how
a knowledge base to underpin management of a new ﬁshery for
boarﬁsh in the Northeast Atlantic emerged 2010–2013. Qualita-
tive data were collected through document review, observations
in meetings, and semi-structured interviews. Combining the three
methods gave opportunities for cross-checking and veriﬁcation of
data assembled from several sources (triangulation).
Key sources examined as part of the document review were min-
utes from meetings of the Pelagic Advisory Council (available via
http://www.pelagic-ac.org), reports from the International Coun-
cil for the Exploration of the Sea (ICES) Expert Group meetings
(available via http://www.ices.dk), and newsletters from Killybegs
Fishermen’s Organisation (KFO) (available via http://www.kfo.ie).
The document review focused on establishing the time line for the
evolution of the boarﬁsh ﬁshery and for the development of man-
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collaboration was  also quickly set up, coordinated by the Danish
Pelagic Producers Organisation (DPPO). This allowed scientists at
the Danish Technical University (DTU-Aqua) to develop and verify6 K. Stange / Fisheries R
gement instruments. The documents were also used to study how
ssues and events were communicated within and between the
roups of actors involved.
The investigator participated as observer in six Pelagic Advi-
ory Council Working Group and Executive Committee meetings
etween February and October 2014. These events provided oppor-
unities for gaining an understanding of the working procedures of
his particular Advisory Council, and of issues that emerge on the
genda for the European pelagic ﬁsheries stakeholders through-
ut the course of a calendar year. Additionally, participation in the
nnual “MIRAC” meetings between ICES and the Advisory Councils
n 2012 and 2014 provided opportunities for observation of interac-
ions between representatives from several Advisory Councils and
cientists from the ICES Advisory Committee (ACOM).
Semi-structured interviews (n = 22) were conducted between
ay  2012 and November 2014. The interviewees were represen-
atives from the pelagic ﬁshing industry (n = 7), scientists who  had
een involved in boarﬁsh research or in production of manage-
ent plans for pelagic ﬁsh stocks (n = 9), and managers in DG
ARE (n = 6). The initial interviews were designed to gain an over-
ll understanding of pelagic ﬁsheries in EU waters, including the
se of long-term management plans as management instruments.
ther interviews addressed the speciﬁcs of the boarﬁsh ﬁshery.
nterview guides (Kvale and Brinkmann, 2009) were used to focus
n issues where the interviewees’ area of competence was  of par-
icular relevance to this study (see example in Supplementary 1).
he interviews lasted 20–120 min  and were conducted face to
ace (n = 18), via Skype (n = 3), and via telephone (n = 1). Twenty of
he interviews were recorded and transcribed. For others, detailed
otes were taken. Five of the key informants were asked to review
he result section of a draft manuscript to help identify and address
ny misunderstandings, factual errors and obvious omissions.
Documents, observer notes and interview transcripts were ana-
ysed aided by ATLAS.ti (http://atlasti.com/), a software package
sed in qualitative research to help organise, retrieve and combine
ocument data. A coding scheme (Miles and Huberman, 1994) was
reated (see Supplementary 2) to focus the analysis on the research
uestion (actors involved and forms of knowledge mobilised to
upport ﬁsheries management), applying concepts from the con-
eptual framework (processes of knowledge exchange).
. Results
.1. Background: development of a new ﬁshery
Boarﬁsh, a small (<18 cm)  pelagic shoaling species (Fig. 2),
ave since the 1970s been encountered in increasing quantities
n pelagic and demersal ﬁsheries in the Biscay area, and more
ecently also further north including in the southern Celtic Sea
O’Donnell et al., 2012b; Coad et al., 2014). Because of their rough
kin and robust spines, boarﬁsh damage other ﬁsh in the catch
nd ﬁshermen and processors considered them a nuisance. A small
roup of Irish ﬁshermen started to target boarﬁsh on the Celtic
ea shelf edge in the early 2000s, but handling problems initially
ept landings low. Since 2006, the ﬁshery has gone through a rapid
xpansion. Estimated landings increased from 2772 tonnes in 2006
o 137,503 tonnes in 2010 before regulations were implemented
ICES, 2014). A total allowable catch (TAC) for EU waters was ﬁrst
et by a European Council regulation in 2011 at 33,000 tonnes
European Council, 2011), followed by TACs for 2012 and 2013 at
2,000 tonnes (ICES, 2014). Boarﬁsh are primarily caught in ICES
ubdivision VIIj by pelagic trawlers (Refrigerated Sea Water ves-
els, RSWs) that typically also target mackerel (Scomber scombrus),
orse mackerel (Trachurus trachurus), herring (Clupea harengus)
nd blue whiting (Micromesistius poutassou).  There are currentlyFig. 2. Boarﬁsh (Capros aper).
Photo ©: C. O’Donnell
around 23 Irish, 7 Danish, and 5 UK-Scottish vessels involved in the
boarﬁsh ﬁshery. They represent a highly proﬁtable ﬂeet segment;
e.g. in 2012, Irish pelagic vessels >40 m reported D 33 million net
proﬁt (STECF, 2014). Most of the catches 2007–2012 were landed
in Skagen, Denmark3 for reduction to ﬁshmeal for the aquaculture
market. Fishmeal gives relatively low prices, and other uses are
being explored to increase the value of boarﬁsh landings.
4.2. Development of scientiﬁc knowledge
4.2.1. Basic boarﬁsh biology
The high-volume landings in the new boarﬁsh ﬁshery were of
concern to ﬁsheries scientists at the Marine Institute in Ireland who
had previously witnessed negative developments in unregulated
deep-water ﬁsheries (e.g. Large et al., 2003) and were aware of
the risk of overexploitation. The Marine Institute had started to
collect boarﬁsh samples in 2005. An initial study indicated that
boarﬁsh could reach up to 30 years of age (White et al., 2011).
This indicated sensitivity to ﬁshing pressure, and advancing science
to allow assessment of ecological consequences of the expanding
boarﬁsh ﬁshery was  a priority. Networks established during pre-
vious collaborations between the Marine Institute and the KFO, as
well as between Irish and Danish industry actors, made it possi-
ble to take action at short notice. In March 2010, a scientist was
engaged full time by the Marine Institute to study the biology of
boarﬁsh with a fellowship funded by cost recovery from the ﬁsh-
ing industry, including the KFO. A similar Danish science-industry3 The Danish AgriFish Agency. Landings- og fangststatistik: Oplysninger om
danske og udenlandske ﬁskeres landinger i Danmark. (In Danish). http://fd-statweb.
fd.dk/landingsrapport/landingsrapport front matter (Link last accessed 20.08.15.).
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get involved directly, they endorsed the initiative with the overall
approach being: “Go away and come up with something. It needsK. Stange / Fisheries R
oarﬁsh-speciﬁc aging techniques. An interviewee explained how
he building of a scientiﬁc knowledge base for boarﬁsh needed to
tart from scratch:
‘We  had no information on the size or age at maturity, or how they
reproduced, or where they reproduced, or even where the bulk of
the stock was. (. . .)  So that was the initial thing; just to ﬁgure out
when they spawn, at what age they spawn, at what size, and how
fast they grow.’ (Interview, Scientist).
The scientists collaborated with the pelagic ﬂeet to ensure sup-
ly of samples appropriate for age and maturity studies. As results
rom the scientiﬁc studies on age and reproduction emerged, the
nitial alarming indication of age-related sensitivity to ﬁshing pres-
ure became more nuanced: while boarﬁsh are long-lived (up to 30
ears), they mature at a relatively early age (3–4 years) (Farrell
t al., 2012; Hussy et al., 2012a, 2012b), and they seem capa-
le of spawning regularly over extended periods (Farrell et al.,
012). Anecdotal information from ﬁshermen about where they
ad encountered boarﬁsh inspired the scientists to investigate his-
orical ﬁshing records. Data from multiple surveys from a wide
eographical area were studied to shed light on the evolution of
oarﬁsh distribution in the Northeast Atlantic (Coad et al., 2014).
he ﬁshermen had seen large aggregations of boarﬁsh on the shelf
f the Celtic Sea in the winter and had also encountered dense
chools during summer. These observations, in combination with
esults emerging from the maturity studies, allowed the scientists
o identify July as the most appropriate month to study spawning
ggregations of boarﬁsh in an acoustic survey.
.2.2. Acoustic surveys
In 2011, a ﬁrst acoustic survey dedicated to boarﬁsh exploration
as organized as part of the collaboration between the Marine
nstitute and the KFO (O’Donnell et al., 2012b). Similar surveys
ere conducted again the following years (O’Donnell et al., 2012a,
013). Financial arrangements for the annual month-long surveys
ncluded signiﬁcant contributions from individual Irish and Dan-
sh ﬁshermen. Research to identify target strength relationships for
oarﬁsh was also initiated, supported by industry funding (Fässler
t al., 2013).
Collection of abundance data for commercially exploited species
n Europe is typically co-ordinated and ﬁnanced through EU’s Data
ollection Framework (DCF). Given that boarﬁsh was a new com-
ercial species in EU waters, it was not (yet) part of the DCF. The
ndustry representatives repeatedly reminded the European Com-
ission of the need to revise the DCF and include boarﬁsh. Although
he European Commission agreed, progress with updating the DCF
as slow and the need for ﬁnancial commitment from the indus-
ry continued. Funding the surveys was a major undertaking by the
ndustry, and repeated deliberations within each Producer Organi-
ation were needed to motivate the ﬁshermen to keep paying their
hares. The importance of survey data as part of building a scien-
iﬁc knowledge base for boarﬁsh was explained to the ﬁshermen,
s illustrated in this communication in the KFO newsletter:
‘The boarﬁsh project continues to make good progress and all the
sampling effort put in by the pelagic ﬂeet is paying dividends as
results are starting to emerge. (. . .)  The age, growth, reproductive
and length-frequency data will provide the basis for [an] assess-
ment, whilst the acoustic survey will be the start of a time series
which will become increasingly important in future assessments.
Thanks to the co-operation of all involved we are in a strong position
to produce well founded and reliable advice, which given Ireland’s
quota share will hopefully ensure the sustainable future of the
boarﬁsh ﬁshery’. (KFO newsletter April 2011).h 174 (2016) 94–102 97
The quote highlights the link between acoustic survey data and
an assessment. Exploratory work was  needed to ﬁll knowledge gaps
on how to scientiﬁcally assess the boarﬁsh stock in the Northeast
Atlantic, and an expert with speciﬁc competence in bio-statistics
was brought into the collaboration to assist with this task.
4.2.3. Stock assessment
ICES has since 2011 been requested by the European Com-
mission to provide catch advice on boarﬁsh in the Northeast
Atlantic (ICES, 2011a). The ICES Working Group for Widely Dis-
tributed Stocks (WGWIDE) provides a forum for in-depth scientiﬁc
discussions on assessment of pelagic stocks. For boarﬁsh, lim-
ited information was available on catch, abundance, age and
growth—elements that typically inform stock assessments. The sci-
entists proposed using a biomass dynamic model, and ideas were
discussed between assessment experts in WGWIDE (ICES, 2011b).
Suggestions for improvements by peers stimulated further devel-
opment of the model over the next two years (ICES, 2012b, 2013).
Peer reviewers highlighted the superiority of age-based models;
however, this was not a viable option in the short term as there
was no programme in place for sampling and analysis that could
support an age-based assessment for boarﬁsh. With the accumulat-
ing catch data, results from the recent dedicated boarﬁsh acoustic
surveys, and a number of other indices, WGWIDE  was in 2013 able
to perform an analytical assessment (ICES, 2013). The time series
of the parameters in the assessment model were still very short,
however, and uncertainties were considered high.
ICES assessment working groups, such as WGWIDE, are not open
to observers from the industry. The KFO and DPPO representatives
were therefore following the developments in WGWIDE  from the
side-lines. They could, however, be observers in ICES Advice Draft-
ing Groups where ICES Advice is formulated. This gave them a good
understanding of the scientiﬁc basis for the catch advice which
informs the European Commission’s proposal for annual boarﬁsh
catch quotas.
4.3. Development of a management strategy
4.3.1. A ﬁrst interim management plan
In October 2010, a communication from the European Com-
mission temporarily brought the rapidly expanding and still
unregulated boarﬁsh ﬁshery to a halt. EU Member States were
informed that a technical regulation4 prevented ﬁshing for boarﬁsh
with mesh sizes smaller than 100 mm.  The pelagic trawlers that
target boarﬁsh typically use 32–54 mm mesh sizes. Through an
initiative led by an Irish Member of the European Parliament, an
amendment was  added to the regulation (European Union, 2011)
to allow the boarﬁsh ﬁshery to continue. The mesh size controversy
triggered a speedy development of a ﬁrst interim management
plan for boarﬁsh, catalysed by a coincidence: several of the key
actors who had an interest in the boarﬁsh ﬁshery were at the time
gathered to discuss other pelagic stocks. An interviewee recalled:
‘On the fringes of these meetings, time was  available for scien-
tists and industry stakeholders to consider the boarﬁsh matter.
The need for some kind of plan for precautionary management
was  discussed with industry by scientists. It wasn’t hard to con-
vince industry because they had already developed plans for horse
mackerel and herring, and so they were keen. Fisheries adminis-
trators present were aware of the discussions. Though they did notto be precautionary; no nonsense!”’ (Interview, Scientist).
4 Annex 1 of Regulation 850/1998.
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Guided by this informal mandate from the managers, a draft
lan was quickly put together by an Irish scientist in collaboration
ith a representative of an Irish Producer Organisation. Their previ-
us collaborations around management plans for other stocks gave
hem a common understanding about what needed doing. Only
 few years of landing records and some preliminary life history
nformation were available. Ideas from the FAO guidelines for new
nd developing ﬁsheries (FAO, 1996) were combined with work
one by ICES and the European Commission that were applica-
le under such data poor circumstances. The proposed plan also
ncluded a closed season to avoid by-catch of mackerel, and a closed
rea to protect the herring stock in the Celtic Sea, based on consul-
ations with Irish ﬁshermen.
The situation was urgent (the boarﬁsh ﬁshery had been closed),
nd the aim was to present the plan to the decision-makers before
he European Council meeting in December 2010. The Council
eeting would decide on quotas for boarﬁsh for the ﬁrst time. There
ould also be negotiations to divide the quota between EU Mem-
er States, and the Irish and Danish national delegations wished to
resent evidence of their industries’ commitment towards a sus-
ainable boarﬁsh ﬁshery. The interim management plan proposal
nd the ongoing collaborations with scientists were elements in a
trategy to secure national shares of a boarﬁsh quota.
The proposed interim plan5 was never formally implemented;
owever, the European Council implicitly approved its TAC setting
echanism by cutting catches almost 75% compared to the pre-
ious year. The Council then agreed to allocate 67% of the 2011
oarﬁsh quota to Ireland, 24% to Denmark, 4% to the UK, and 5%
o All Member States (European Council, 2011). The number of
essels involved in the boarﬁsh ﬁshery is small (see Section 4.1),
nd the Producer Organisation representatives have a direct dia-
ogue with each of their members. When communicating the news
bout the dramatic reduction in ﬁshing opportunities back to their
onstituencies, the KFO and DPPO representatives reminded the
shermen that the quota at 33,000 tonnes for 2011 should be seen
s an alternative to a closed ﬁshery, and highlighted the positive
utcome of the quota sharing negotiations. They also stressed the
mportance of continued collaboration with scientists and of fol-
owing up the interim plan with a proper long-term management
lan. An interviewee commented on the importance of trust when
aining support for these joint actions:
‘I don’t tell them how to ﬁsh at sea. If I did, they would tell me
where to go. Likewise, they don’t tell me how to manage the shore
end of things, particularly in terms of how we are doing things.
They expect me to be looking out for them in terms that we  should
be doing x, y and z. They want to be informed about it, right? And
know about it. And they have use of it. But they do expect that I am
not going to walk them into something. There is trust between us’.
(Interview, Industry representative).
.3.2. A long-term management plan
In 2012, the ﬁrst interim plan was followed-up by a ﬁrst long-
erm management plan. The long-term management plan was
esigned by the same Irish scientist who had made the interim
lan. Ideas and approaches were discussed with a representative
rom the KFO, who also consulted with other Irish and Danish Pro-
ucer Organisations. The ﬁshermen were kept informed through
ommunications that explained the rationale behind giving the
5 The proposed 2010 Interim plan can be found in IFFO (Marine Ingredients
rganisation) 2012. Fisheries Assessment Report for boarﬁsh, p. 12–13. http://
ww.iffo.net/ﬁles/iffoweb/approved-raw-materials/whole-ﬁsh/boarﬁsh-iffo-
nitial-assessment-uk-denmark-fo.pdf.h 174 (2016) 94–102
development of a long-term management plan for boarﬁsh high
priority:
“KFO and Denmark’s DPPO Propose Boarﬁsh Management Plan:
Most pelagic stocks now have a long-term management plan cov-
ering them. (. . .)  Advantages of such plans include: taking the horse
trading out of quota setting each year; agreeing a way of setting
the TAC based on best scientiﬁc information; other management
measures may be added; and accreditation bodies prefer that there
is a plan in place. (. . .). It is in everybody’s interest that a plan be
developed”. (KFO newsletter, July 2012).
It was clear to the ones involved that while a scientist did the
development work, the ownership of the management plan resided
with the industry. The scientist was  invited to present the proposed
plan to the Pelagic Advisory Council in July 2012. This group had
only minor comments and supported the initiative to submit the
plan to the European Commission as their recommendation (PRAC,
2012).
The plan proposed a six-tiered approach for setting TACs in var-
ious situations. This was an unusual and innovative design for a
CFP-related management plan, and it had many similarities with
the new framework for categorization of stocks in the context of
ICES assessment and advice, which was also in development at
the time (ICES, 2012a). The scientist who  drafted the long-term
management plan had taken inspiration from the FAO Guidelines
for new and developing ﬁsheries (FAO, 1996) and from harvest
strategies designed for shark ﬁsheries in Australia. The choice of
TAC-setting rule would depend on the kind and quality of data
available; the more information, the higher the tier. The highest
tier corresponded to a situation when a full analytical stock assess-
ment is available, while the lowest tier would be applicable in a
situation with no data. Through its design, the proposed long-term
management plan aimed to stimulate generation of data to sup-
port assessment of the stock and management of the new boarﬁsh
ﬁshery.
The importance of having scientiﬁc data to support management
of the new boarﬁsh ﬁshery was acknowledged by industry repre-
sentatives when the collaborations with scientists were initiated
in 2010. When asked (in the summer of 2014) to reﬂect on lessons
learned from the boarﬁsh experience, an industry representative
(himself a ﬁsherman) commented:
‘Deﬁnitely, we would look at going through the scientiﬁc
route. Unless you have the scientiﬁc backup—I mean proper
backup—there is no point in going to discuss and argue in Brus-
sels saying “all the ﬁshermen think there is plenty of ﬁsh out there”.
Forget that! Nobody has time for that. Some ﬁshermen always say
that. But if you have sound scientiﬁc evidence that is backed up by a
reputable scientist and you have done your homework.  . . One year
is no good. You have done it over 3–4–5 years, and show trends.
Then you have a case. If we ever get a new species again, which
we probably won’t in my lifetime anyway, I think we would do it
in the same way. We  handled a lot of species badly, but I like to
think we handled this one well.’ (Interview, Fisherman, Industry
representative).
The comment alludes to the strong position of scientiﬁc knowl-
edge as basis for management decisions in European ﬁsheries. The
interviewee had been involved in ﬁsheries for other pelagic species
for many years and had followed related scientiﬁc and political
developments closely. Investing in boarﬁsh science was  seen by
this industry actor as a pathway through which he as a ﬁsherman
could contribute to the knowledge base for the new boarﬁsh ﬁshery.
esearc
5
a
N
y
k
t
c
t
b
5
a
i
n
p
i
ﬁ
s
k
a
a
b
i
i
m
P
O
f
w
s
s
r
i
m
i
i
r
w
a
w
p
w
i
n
e
m
h
m
m
5
t
i
C
k
d
e
hK. Stange / Fisheries R
. Discussion
A knowledge base to support generation of a stock assessment
nd a long-term management plan for the boarﬁsh ﬁshery in the
ortheast Atlantic was built within the time frame of only a few
ears (2010–2013). In this section, this rapid mobilisation of new
nowledge is examined by ﬁrst focussing on the actors involved,
heir stakes and the kinds of knowledge they brought forward. Pro-
esses of knowledge exchange are then discussed with attention
o the role of the acoustic survey and the management plans as
oundary objects.
.1. Actors and stakes
By starting to exploit boarﬁsh opportunistically as a resource,
nd securing large shares of the EU catch quota, Irish and Dan-
sh ﬁshermen established themselves as major stakeholders in the
ew commercial boarﬁsh ﬁshery in the Northeast Atlantic. The
elagic trawl sector, within which they operate, has been prof-
table for a number of years and this may  have inﬂuenced the
shermen’s decision to contribute ﬁnancially to support scientiﬁc
tudies. At the time when decisions to invest in science to advance
nowledge on boarﬁsh needed to be made, the steadily increasing
mounts of boarﬁsh encountered on the ﬁshing grounds fuelled
n optimistic outlook about future large-scale harvesting possi-
ilities. The fact that a small number of operators were involved
n the ﬁshery made it possible to involve practically everybody
n deliberations around joint strategies, and to secure broad com-
itment. Deliberations among ﬁshermen took place within each
roducer Organisation, while co-ordination between the Producer
rganisations was handled by their representatives. The stakes
or each individual operator were high (the investment in science
as a signiﬁcant commitment). However, there were also pos-
ibly rewards for everybody in terms of quotas and proﬁts in a
ustainably managed boarﬁsh ﬁshery. The Producer Organisation
epresentatives seem to have ﬁlled important roles as trusted facil-
tators in the deliberations to align ﬁshermen’s interests, which
ade joint actions possible.
The ﬁsheries scientists at the Marine Institute also had stakes
n the developing boarﬁsh ﬁshery. The mandate of their employer
ncludes supporting sustainable development of Ireland’s marine
esources, and ﬁnancial contributions from the industry gave
elcome opportunities to initiate research efforts dedicated to
dvancing scientiﬁc knowledge on boarﬁsh. Assisting the industry
ith the development of a management plan that would ensure a
recautionary approach to exploitation of boarﬁsh in Irish and EU
aters was considered part of their regular work tasks.
The managers in DG MARE had stakes in ensuring that boarﬁsh
n EU waters would be managed sustainably; however, they were
ot directly involved in the collaborations studied here. Experi-
nces from work with other stocks had shown that management
easures proposed by the Pelagic Advisory Council were likely to
ave the industry’s continued support (Coers et al., 2012), and the
anagers encouraged the industry’s engagement with the boarﬁsh
anagement plans.
.2. Novelty and forms of knowledge
The general lack of knowledge about boarﬁsh, which triggered
he collaborative initiatives studied here, might in itself have facil-
tated knowledge exchange between the various groups of actors.
arlile draws attention to how powerful actors’ reuse of common
nowledge can prevent generation of new knowledge: the path
ependency of existing knowledge becomes ‘the curse of knowl-
dge’ (Carlile, 2002). In the setting studied here, put bluntly, nobody
ad any in-depth knowledge about boarﬁsh, and everybody agreedh 174 (2016) 94–102 99
that that was  a problem. When the sudden increase in boarﬁsh
abundance on the ﬁshing grounds posed a problem and triggered
the need for immediate action, the stakeholders identiﬁed scien-
tiﬁc knowledge as an essential part of the solution. Experiences
from lobbying and negotiations with EU managers in Brussels had
made the industry representatives aware of the power of scientiﬁc
evidence in such settings.
The collaborations studied evolved opportunistically without
any formal participatory research design in place. This sets the
case analysed here apart from participatory studies that focus on
how ﬁshermen’s knowledge can inform ﬁsheries science (Hind,
2015) and ﬁsheries management (Mackinson and Wilson, 2014;
Mackinson et al., 2011). While the KFO and DPPO informally took
on roles as joint coordinators of the collaborative efforts, they left it
to the scientists to prioritise research tasks. The main tasks for the
ﬁshermen were to contribute with samples and funding. The sci-
entists operated within their own domains and generated outputs
tailored to scientiﬁc audiences. Clear separation of roles seems to
have contributed to making the collaborations efﬁcient, and tan-
gible outcomes in the form of scientiﬁc publications were quickly
produced.
The lack of involvement by managers limited the opportunities
for taking bureaucratic knowledge into account when producing
the management plans. The boarﬁsh plans emerged during a period
of consultations triggered by the European Commission’s Green
paper (European Commission, 2009) in preparation for reform of
the CFP in 2013. Although the scientists and industry represen-
tatives were knowledgeable about the regulatory system, and had
gained relevant experiences from producing management plans for
other pelagic stocks in EU waters, the shifting priorities and con-
cerns of managers in DG MARE during this period could not easily
be accommodated.
5.3. Acoustic survey as boundary object
The acoustic survey exempliﬁes how a boundary object works
to connect actors from different domains through establishing a
shared context. The scientists needed indices of abundance to
assess the status of the boarﬁsh stock. Access to acoustic survey data
was considered essential for the development of a stock assessment
model. Having a stock assessment model accepted by ICES would
be beneﬁcial in the context of future scientiﬁc advice on catch
quotas. These connections motivated the Producer Organisation
representatives to engage the boarﬁsh ﬁshermen, as well as other
industry actors, to collectively mobilise funding to enable the initia-
tion of a dedicated boarﬁsh acoustic survey. The industry’s repeated
involvement in, and support of, the survey demonstrated to the sci-
entists and managers their sincere commitment to work towards
a sustainable boarﬁsh ﬁshery. At the international level, the need
for survey data (and for age-based parameters) triggered questions
around responsibility for securing appropriate time series of such
data to support future assessments and scientiﬁc advice for boarﬁsh
as a new, commercially exploited species in EU waters.
5.4. Management plans as boundary objects
The two management plans that were created as part of the
collaborations studied here were made without any speciﬁc man-
date or dedicated group effort, which sets these processes apart
from other initiatives where stakeholders and scientists have col-
laborated to make such plans (Hegland and Wilson, 2009; Stange
et al., 2015). Two key individuals (a scientist and an industry repre-
sentative) created the plans, and beyond their close collaboration
there was little iteration between stakeholders, scientists and man-
agers during the production process. The fact that the plans quickly
gained support from other stakeholders signals that the authors
100 K. Stange / Fisheries Researc
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Appendix A. Supplementary dataFig. 3. Resources that enable knowledge-sharing between actors.
ere trusted as producers of relevant knowledge in this context. A
mall number of ﬁshermen would be directly affected. They were
perating within the same ﬂeet segment, and the proposed mea-
ures did not trigger any major controversies around potential
inners and losers. The opportunity for the ﬁshermen to engage
n direct dialogues within their Producer Organisations is likely to
ave facilitated the process of bringing the plans forward.
The ﬁrst interim management plan was made in response to
n urgent situation in which the future of the boarﬁsh ﬁshery
as threatened. By proposing a short-term management strat-
gy, which would imply a signiﬁcant cut in catches, it signalled
he industry’s commitment to a precautionary approach to man-
gement of the new boarﬁsh ﬁshery. It also demonstrated the
bility of the Irish and Danish Producer Organisations to negoti-
te and agree internally on a joint strategy for moving forward.
he long-term management plan reconﬁrmed commitments that
ad been made by Ireland and Denmark through the interim plan.
he fact that this plan was proposed to the European Commis-
ion by the Pelagic Advisory Council extended the commitment
urther to encompass the wider group of stakeholders with an
nterest in pelagic ﬁsheries in Europe. It put emphasis on the
mportance of having a solid scientiﬁc knowledge base to under-
in management decisions, and shifted focus from short-term to
ong-term.
.5. Knowledge exchange across boundaries
Fig. 3 illustrates resources that were at play in connecting actors
n this study.
Knowledge transfer was facilitated by a common vocabulary
hat was already established in previous collaborations regarding
ther pelagic stocks. With a clear separation of roles and tasks, there
as no need for the stakeholders to become experts in the sci-
ntists’ knowledge domains, and vice-versa. The acoustic survey
elped connect ﬁshermen and scientists by translating boarﬁsh
cience into advisory tools that were highly relevant to the new
shery. Producer Organisation representatives facilitated delibera-
ions between the scientists and the ﬁshermen, as well as between
shermen within their own constituencies. The strong ﬁnancial
osition of the ﬂeet segment involved was a tangible resource
n this case, as it enabled the ﬁshermen to contribute with sig-
iﬁcant amounts of funding to support scientiﬁc studies. There
as little interaction between actor groups during the making of
he management plans; however, the plans seem to have been
nstrumental in generating support for longer-term strategies to
chieve a sustainable boarﬁsh ﬁshery. This study did not shedh 174 (2016) 94–102
light on the detailed negotiation processes within and between
the Producer Organisations which enabled joint support of the
plans; however, the sense of urgency that surrounded the mak-
ing of the ﬁrst interim plan is likely to have inﬂuenced the actors’
ability to agree on joint actions. Introduced as a follow-up, issue
novelty was reduced for the second plan. The fact that the long-
term management plan was  endorsed by the Pelagic Advisory
Council suggests that there is broad support for precautionary long-
term management strategies among European pelagic industry
actors.
6. Conclusions
The conceptual framework applied in this study provided a lens
which clariﬁed how forms of knowledge were used in collabo-
rations between ﬁsheries scientists and representatives from the
pelagic ﬁshing industry in a joint effort to build a knowledge base
for a new ﬁshery. The setting explored in this study was charac-
terised by lack of existing knowledge and an urgent need to ﬁll
knowledge gaps. Fishing industry representatives identiﬁed mobil-
isation of scientiﬁc knowledge as a priority, and there was little
integration of other forms of knowledge. Funding provided by the
industry enabled research initiatives which within a remarkably
short time period (2010–2013) produced new scientiﬁc knowledge
on boarﬁsh maturity, aging, distribution, target strength, and abun-
dance. A long-term management plan was designed to stimulate
continued efforts to ﬁll scientiﬁc knowledge gaps. Strategic choices
made by the collaborative partners in this initiative highlight the
information requirements for stocks that are managed under the
CFP. The weight given to scientiﬁc knowledge in this context is evi-
dent. The ﬁndings illustrate that industry actors can ﬁll important
roles as facilitators in collaborative processes that aim to generate
new scientiﬁc knowledge.
Knowledge exchange processes are difﬁcult to study. Actors
from different knowledge domains increasingly engage in col-
laborations to produce knowledge that is useful for ﬁsheries
management, and there is a need to better understand how dif-
ferent forms of knowledge interact. The case study presented
here exempliﬁes how ideas from organisation management can
be applied to investigate knowledge exchange in collaborations
between actors who start out with different forms of knowledge.
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